This paper estimates US industries' ability to transmit inflation shocks to the prices of their products and services (flow-through capability, FTC) and the stock duration (interest rate sensitivity) at the sector level. Then, considering the significant differences in ability among industries, we analyze the relationship between FTC and interest rate sensitivity using two alternative methodologies (in both cases). Finally, we find a significant negative relationship between FTC and stock duration, as suggested by previous literature. Thus, industries with high FTC, such as S7 (Finance and Real Estate), S9 (Manufacturing), S11 (Transportation and Warehousing) and S12 (Utilities), may be less sensitive (than expected) to changes in nominal interest rates. In contrast, sectors such as S4 (Retail Trade), S8 (Information) and S10 (Professional and Administrative Services) (with high IRS) may be more sensitive (than expected) to changes in nominal interest rates, indicating a weak ability to transmit inflation shocks to the prices of their products and services.
Introduction
Financial risk management is an important issue (Campbell, 2006; Cano et al., 2016; and Gonz alez et al., 2016, 2017) ; thus, an estimation of the flow-through capability (FTC) could be relevant for investors and portfolio managers. According to Estep and Hanson (1980) , Asikoglu and Ercan (1992) , Cano and Jareño (2015) , and Jareño and Navarro (2010) , among others, FTC is defined as a firm's ability to transmit inflation shocks to the prices of its products and services.
In contrast, Stone (1974) , Ferrando et al. (2017) and , among others, analyze the nominal interest rate risk and the company's stock duration, that is, the sensitivity of stock returns to variations in nominal interest rates, which is a more relevant source of uncertainty.
Thus, the main objective of this study is to determine whether the FTC of US companies (Cano et al., 2016 ) is related to the nominal interest rate duration of companies' stock returns. 1 Specifically, Johson (1986, 1990) and Asikoglu and Ercan (1992) analyze the relationship between inflation and stock returns and conclude that FTC is negatively related to the company's stock duration. Furthermore, Jareño (2005) and Jareño and Navarro (2010) confirm for the Spanish stock market and Cano et al. (2016) confirm for the US stock market that there are significant differences in FTC at the sector level and that sectors with greater FTC are less sensitive to interest rate risk. Moreover, Jareño and Navarro (2010) find a robust negative relationship between the sensitivity of stock returns to changes in nominal interest rates and the FTC of Spanish companies.
This research contributes to the literature by confirming the existence of a negative relationship between the FTC of US sectors and the sensitivity of these sectors to changes in nominal interest rates (interest rate sensitivity, IRS) during the sample period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . We start from the North American Industry Classification System (NAICS) sector classification, which Cano et al. (2016) modified. The 12 studied sectors are (1) Leisure and Accommodation, (2) Health Care and Educational Services, (3) Wholesale Trade, (4) Retail Trade, (5) Construction, (6) Forest and Mining Exploitation, (7) Finance and Real Estate, (8) Information, (9) Manufacturing, (10) Professional and Administrative Services, (11) Transportation and Warehousing, and (12) Utilities.
Specifically, the most relevant contributions of this paper are as follows. First, we use quarterly data rather than semiannual data, as in the previous literature (Jareño, 2005; and Jareño and Navarro, 2010) , to estimate FTC and IRS. Second, we compare two alternative estimates of the ability to absorb inflation (FTC). Third, we obtain the interest rate risk (IRS) by using two different terms to maturity for the nominal interest rate: 1-and 10-year maturities. Finally, we confirm a significant negative relationship between the FTC and nominal interest rate duration (IRS) for the US sectors by using two different methodologies for each estimate.
The rest of the paper is organized as follows: Section 2 includes the most important previous literature about FTC and interest rate risk, the methodology proposed and the data used in this research. Section 3 collects the FTC and IRS estimates based on Jareño and Navarro (2010) and the Stone (1974) asset pricing factor model, respectively. Section 4 studies the relationship between the two previous estimates: FTC and IRS. Finally, Section 5 emphasizes the main conclusions of this paper.
Materials & methods
Regarding FTC, the methodology proposed by Jareño and Navarro (2010) consists of using an indirect method to estimate the flow-through ability. By taking into account the fact that the flow-through capability is related to the ability of the firm to pass on an inflation shock to its output prices, i.e., to Δp t , they assume that
where α i measures the capability of the company to transmit current and past inflation shocks to its output prices. Thus, this parameter captures in essence the same concept that the flow-through coefficient captures. These estimates should be related to the flow-through coefficient defined by Estep and Hanson (1980) as the fraction of inflation that flows to profit (and dividend) growth.
As profit is a highly volatile variable, Jareño and Navarro (2010) use the sales variable, and they start with the following theoretical model:
where V t is the firm revenue during period t, p t is the mean price of the firm outputs, and q t is the number of physical output units sold by the firm.
One of the main problems they have to address in this model is that neither p t nor q t are available at the firm or industry level. If the output sold is constant, then all changes in V t would be due to changes in prices. However, production and sales volumes are seldom constant, so a control for this variable is needed. A possible proxy for q t could be the number of employees, a datum that can be obtained from firm reports; to this end, Jareño and Navarro (2010) incorporate the total amount of employees by sector as the proxy variable for the production level as a comparison:
where NE ti reflects the number of employees of the different sectors i, β 2 is the FT coefficient and ε t refers to the error term. Moreover, for robustness, a relevant contribution in Cano et al. (2016) is to proxy q t with the operating costs of companies.
According to Asikoglu and Ercan (1992) , Jareño (2005) , Jareño and Navarro (2010), and Cano et al. (2016) , among others, companies characterized by higher FT capability should show higher stock prices. Furthermore, investors are willing to pay a higher stock price when most of the inflation rate positively affects the stock prices through the growth of dividends. Therefore, increases in the FTC are associated with higher stock prices. As a result, in sectors with higher FT coefficients, stock prices would be less sensitive to inflation shocks. The reason may be that if a company can pass on inflation shocks to the prices of its own outputs and then to profits and dividends, nominal interest rate changes due to variations in the expected inflation will have a limited impact on stock prices (Jareño and Navarro, 2010) .
With respect to IRS, previous literature applies different estimation methods of stock price sensitivity to variations in nominal interest rates. Thus, the bulk of literature has focused on the Stone (1974) two-factor model (Jareño, 2006, and Jareño et al., 2019 , among many others):
where r jt is the sector j return in time t, β j shows the sensitivity of the sector j to changes in the market return, r mt refers to the stock market return in period t, γ j indicates the sector j return sensitivity to unexpected changes in nominal interest rates, Δi u t represents unexpected changes in nominal interest rates and ε jt is a random disturbance.
This two-factor model complements the explanatory power of the CAPM model. Furthermore, some authors (Tessaromatis, 2003; Jareño, 2006; Jareño et al., , 2019 Sevillano and Jareño, 2017) introduce an extension of the Stone (1974) two-factor model. In particular, this model formulates the sector stock returns based on the real interest rate, stock market portfolio return and expected inflation rate.
Although previous literature has proposed other factor models, such as the Fama and French (1993) three-and five-factor model (Jareño, 2008; Campos et al., 2016; Jareño et al., 2018) , and other procedures (Jammazi et al., 2017) , such as the quantile regression (QR) approach (Ballester et al., 2011; Ferrando et al., 2017; Sevillano and Jareño, 2018; Umar et al., 2018; Gonz alez and Jareño, 2019) , this research is based on the seminal research of Stone (1974) (Tessaromatis, 2003 , Soto et al., 2005 , and Jareño, 2006 .
Finally, regarding data, this paper starts from the FTC estimates of Cano et al. (2016) , who use data from 40 quarters from 2000 to 2009, the sectoral S&P 500 classification and the following variables: the turnover for each sector (from companies listed in the S&P 500), the US inflation rate, and operating costs (alternative 1) and the number of employees (alternative 2) of companies as alternative proxy variables of the company production (Everaert and De Simone, 2007; Jareño and Navarro, 2010; among others) .
2 Additionally, to estimate IRS at the sector level, the following variables are considered: the quarterly sector stock returns, the quarterly US stock market return (proxied by the S&P 500 index), 3 and the quarterly 1-year (Ferrando et al., 2017) and 10-year (Tessaromatis, 2003; Jareño, 2006 Jareño, , 2008 Campos et al., 2016; interest rates. The main descriptive statistics of the previous variables and the stationarity and unit root tests are collected in Table 1 . These tests confirm the stationarity of the time series turnover, operating costs and the number of employees at the sector level (in first differences), (long-and short-term) interest and inflation rates (in first differences), and stock market and sector portfolio returns.
In particular, the average values for turnover and operating costs are positive, whereas they are negative for the number of employees, stock market and sector portfolio returns, and interest and inflation rates. With regard to standard deviations, operating costs, the number of employees and changes in inflation rates are less volatile than the rest of variables. There is no clear pattern of skewness because it is negative for changes in operating costs, the number of employees and inflation rates and mainly positive for sector portfolio and stock market returns and changes in interest rates. The kurtosis coefficient is mostly close to or greater than 3; 2 Data extracted from the Thomson Reuters database, except for the interest rate (published by Eurostat). Please see Cano et al. (2016) for further information.
3 Obtained from https://www.quandl.com/search?query¼turnover%20s% 26p%20500&type¼all, the website of Quandl. thus, most series have heavy tails.
Results

FTC estimate
This research departs from the FTC estimates of the US companies in Cano et al. (2016) . In turn, these estimates are based on the methodology proposed by Jareño (2005) and Jareño and Navarro (2010) , as applied to the United States, to estimate the relevant FT capability of each company depending on the sector to which it belongs. Furthermore, for robustness, this paper uses two alternative proxy variables of the company production (Everaert and De Simone, 2007; Jareño and Navarro, 2010 ; among others): operating costs (alternative 1) and the number of employees (alternative 2) of companies.
3.1.1. The US FTC estimate: alternative 1
To obtain the sectoral FTC, Cano et al. (2016) estimate a system of 12 sectoral equations (one for each sector) using the following seemingly unrelated regression (SUR):
where T ti refers to the turnover for each sector i, OC ti reflects the operating costs of the different sectors i, IR t is the US inflation rate for 2000-2009, β 0 is the independent term, β 1 measures the variation in turnover for each activity sector as a result of unit variations in operating costs, and β 2 estimates the sectoral FTC and ε t refers to the error term. Table 2 shows the estimated coefficients β 0 , β 1 and β 2 , which represent the FT coefficients. As seen in the table, the results are significantly different from zero and the sign of the FT coefficient is positive in four sectors (S7, S9, S11 and S12): Finance and Real Estate, Manufacturing, Transportation and Warehousing and Utilities. For the rest of the sectors, the results are not significantly different from zero. As noted above, this approximation incorporates the total number of employees by sector as the proxy variable for the production level as a comparison [Eq. 3] . Table 3 displays the alternative FTC estimates, and these results confirm that S7, S9, S11 and S12 present a significantly positive FT capability that coincides with the previous estimation. Nevertheless, in this case, S4-Retail Trade-shows results that are significantly different from zero, but the FTC is negative.
Thus, Cano et al. (2016) find consistent FTC estimate results, regardless of the proxy variable used for the production level. Furthermore, they find relevant differences between sectoral FTC estimates; thus, companies have different capabilities to transfer inflation shocks to prices of their products or services. According to Cano et al. (2016) , there is a positive relationship between the variables (inflation and prices) for the following sectors: Finance and Real Estate, Manufacturing, Transportation and Warehousing and Utilities. However, there is a negative relationship between the variables of inflation and prices for the sector Retail Trade.
Discussion about the FTC results
The FTC, as estimated using two different methodologies by Cano et al. (2016) , diverges substantially among sectors, in line with Asikoglu and Ercan (1992) and Jareño and Navarro (2010) . Thus, these results anticipate a direct relationship between changes in sector stock prices and FTC. Furthermore, industries with high FTC are normally less sensitive to changes in nominal interest rates according to Jareño (2005) and Jareño and Navarro (2010), among others. Moreover, Cano et al. (2016) confirm that "this is not due to the presence of a negative relationship between inflation and stock price levels, although it is true that in those sectors in which FT capability is relatively high, inflation shocks are transmitted, practically in their entirety, to the price of products sold and services provided. Therefore, investors trust stock prices given that their valuation can remain intact."
IRS estimate
As described above, this paper estimates the sensitivity of US sector stock returns to changes in nominal interest rates using two alternative variables with different terms to maturity: the 1-and 10-year interest rates. To estimate Eq. (4), we include quarterly sector portfolio and stock market returns, and changes in 10-and 1-year interest rates (long-and short-term interest rates, respectively), in order to check the robustness of our IRS estimates.
The US stock duration estimate: alternative 1 (10-year interest rate)
In the first proposal, we include the 10-year nominal interest rate (Stone, 1974; Tessaromatis, 2003; Jareño, 2008) . Thus, estimates for a Table 2 The US FTC estimation: alternative 1. This table shows the US FTC estimation at the sector level in Cano et al. (2016) . The sample extended from 2000-2009, and the regression was estimated using SUR methodology: *p < 0.15; **p < 0.10; ***p < 0.05 (t-statistics in parentheses). *p < 0.15; **p < 0.10; ***p < 0.05 (t-statistics in parentheses).
system of 12 sector equations using the SUR technique are collected in Table 4 . These results confirm that sectors such as Leisure and Accommodation, Retail Trade, Forest and Mining Exploitation, Information, and Professional and Administrative Services show an IRS that is significantly different from zero. Moreover, the sign of significant coefficients is negative, which is in line with the bulk of reviewed literature and shows an inverse relationship between changes in nominal interest rates over 10 years and sector stock returns.
3.2.2. The US stock duration estimate: alternative 2 (1-year interest rate)
In this subsection, we estimate the sensitivity coefficients using the second alternative, which consists of replacing the nominal 10-year US interest rate with its analogous 1-year interest rate. Therefore, this estimate focuses on the short term to capture the immediate effect of economic phenomena. Thus, it is possible to compare the results obtained in both cases and analyze whether they are in line with previous studies. Equation [4] is estimated using the SUR technique again, and these results are displayed in Table 5 .
The significant IRS coefficients according to the first alternative maintain this statistical significance in this second estimate with the exception of the Information Technology sector. In addition, we find another significant IRS for the sector Finance and Real Estate Services, although it has a positive sign. Additionally, as seen using the 10-year interest rate, we can generalize an inverse relationship between sector stock returns and the evolution of the 1-year nominal interest rate, which is in line with the previous literature. Similarly, the estimated coefficients in this second alternative take slightly lower values than in the previous alternative, which shows a lower impact on sectoral stock returns.
Discussion of the IRS results
The sensitivity of sectoral returns to changes in the nominal interest rate is significantly different among the industries analyzed in the sample period 2000-2009, which is in line with Lynge and Zumwalt (1980) , Foerster and Sapp (2003) , Ferrando et al. (2017) , among many others. Thus, companies show differences in the ability to transfer movements in nominal interest rates into the stock prices as a result of various factors: market power, company size, growth opportunities, level of indebtedness and inflation rate. Hence, a clear relationship is found with the FTC studied in the first part of this research.
5 Therefore, another factor that has a determining influence on sectoral IRS is the liquidity level of the company, which acts as a dampener of inflation and establishes a negative relationship with this type of IRS. For both alternatives, we find a significantly negative IRS, as suggested by Tessaromatis (2003) , Jareño (2006) , Jareño (2008) and . Thus, a decline in the nominal interest rates leads to an improvement in the stock price and vice versa. In particular, a fall in the nominal interest rates promotes the implementation of new projects by companies because the cost of financing these projects will be lower than it was before. With its implementation, an attraction is generated in the stock market that leads to improvements in stock prices, which indicates an inverse relationship between the interest rate and the stock price.
Furthermore, the impact of the long-term interest rate (10-year) on sector stock returns would be higher than that derived from the short term (1-year). In particular, the resulting coefficients are negative and statistically significant in sectors Retail Trade, probably due to the small size of the companies and the higher level of debt; Professional and Administrative Services; Information; and Leisure and Accommodation, characterized by strong competition. The negative and statistically significant IRS for the sector Forest and Mining Exploitation is higher due to the large size of companies and potential growth opportunities, which are heavily influenced by the economic situation. This result is consistent with those of Ferrando et al. (2017) , among others.
Discussion
This section studies the relationship between FTC and IRS, as estimated above. According to Estep and Hanson (1980) , Asikoglu and Ercan (1992) , Jareño (2005) and Jareño (2006) , those sectors or companies with greater FTC (the ability to transfer inflation changes to the prices of their products) exhibit less IRS. Additionally, this improved capability may maintain a negative relationship with the nominal interest rate; that is, it is expected to obtain an inverse relationship between FTC and IRS.
Moreover, four alternative estimates are made to determine the sign and intensity of the studied relationship due to the existence of a double alternative for both FTC (using the number of employees and operating costs as a proxy for the level of production) and IRS (using the 10-and 1-year nominal interest rates). Thus, the equation that relates both coefficients is estimated by ordinary least squares (OLS) adjusted by the Table 4 The US IRS estimation: alternative 1 (10-year interest rates). This table shows the US IRS estimation at the sector level. The sample extended from 2000-2009, and the regression was estimated using SUR methodology:
ε jt where r jt is the sector j return in time t, β j shows the sensitivity of the sector j to changes in the market return, r mt refers to the stock market return in period t, γ j indicates the sector j return sensitivity to unexpected changes in the 10-year nominal interest rates, Δi *p < 0.15; **p < 0.10; ***p < 0.05 (t-statistics in parentheses). 
where r jt is the sector j return in time t, β j shows the sensitivity of the sector j to changes in the market return, r mt refers to the stock market return in period t, γ j indicates the sector j return sensitivity to unexpected changes in the 10-year nominal interest rates, Δi *p < 0.15; **p < 0.10; ***p < 0.05 (t-statistics in parentheses).
5 According to Jareño and Navarro (2010) and Jareño and Tolentino (2012) , among others, the nominal interest rate consists of two components: the real interest and the inflation rate.
White standard error to avoid heteroskedasticity:
where IRS j refers to the estimated IRS for each sector j, FTC j reflects the FTC of the analyzed sectors, γ 1 is the coefficient that measures the connection between the IRS and the FTC and γ 0 is the independent term. The four estimates and scatter plots associated with each alternative dispersion are shown for comparison. First, Table 6 shows the relationship between the IRS obtained using the 10-year interest rates and the FTC estimated from the operating costs (Panel A) and the average number of employees (Panel B) . This relationship (γ 1 ) is negative and statistically significant in Panel A (but not in Panel B), which is in accordance with the previous literature (i.e., Jareño and Navarro, 2010, concerning the Spanish stock market). Fig. 1 displays the scatter plot to compare the IRS estimates (on the x-axis) to the FTC estimates (on the y-axis). The trendline of this plot shows a negative relationship between the IRS and FTC estimates at the sectoral level. Furthermore, in Panel A, the explanatory power of this relationship (R 2 ) is very high: more than 50%. Nevertheless, in Panel B, γ 1 has a relatively low value, so the slope of the trendline is less steep than in the prior case.
For robustness, Panel C and Panel D of Table 6 show the relationship between the IRS obtained using the 1-year interest rates and the FTC estimated from the operating costs and the average number of Table 6 Estimation of the relationship between interest rate sensitivity (IRS) and flowthrough capability (FTC). This table gathers the results of the model proposed by Jareño and Navarro (2010) to study the relationship between the FTC of companies classified at the sector level and their IRS. The sample extends from 2000-2009, and the regression was estimated by ordinary least squares (OLS) adjusted by the White standard error (to avoid heteroscedasticity issues): employees, respectively. In Panel C, the coefficient γ 1 (-0.1097) is negative and statistically significant, in line with the previous literature (but not in Panel D). This relationship can be seen in the negative slope of the trendline (Panel C of Fig. 1 ). Finally, R 2 is close to 16%, so this explanatory power is quite high. Therefore, in general, according to the four alternative ways to study the connection between IRS and FTC at the sector level in the US stock market, the relative location (in the graph) of each sector seems to be quite similar. Moreover, the abovementioned relationship appears to be negative and statistically significant, especially when the operating costs of companies listed on the S&P 500 index are taken as proxy variables of the production level and the alternative proposed by Cano et al. (2016) is applied. The study of the relationship between the IRS and the FTC using the average number of employees as a proxy variable does not show as strong a performance as do the previous estimates using operating costs. Thus, in general, these results may provide evidence for the Cano et al. (2016) proposal in both IRS estimates (with 10-and 1-year interest rates).
As shown in Fig. 1 , sectors S7, S9, S11 and S12, that is, Finance and Real Estate, Manufacturing, Transportation and Warehousing and Utilities, respectively (with high FTC), are located above the regression line. Therefore, these results confirm the null hypothesis proposed in this research: industries with high FTC (S7, S9, S11 and S12) may be less sensitive (than expected) to changes in nominal interest rates according to Jareño (2005) , Jareño and Navarro (2010) , and Jareño and Tolentino (2012) , among others. In contrast, sectors such as S4 (Retail Trade), S8 (Information) and S10 (Professional and Administrative Services) (with high IRS) are located below the regression line. Therefore, these sectors would be more sensitive (than expected) to changes in nominal interest rates because they do not show exceptional ability to transmit inflation shocks to the prices of their products and services.
In summary, the statistically significant relationship between FTC and IRS may corroborate the previous empirical results of Jareño (2006) , Jareño and Navarro (2010) and Jareño and Tolentino (2012) , who obtain a negative relationship between sensitivity of stock prices to changes in nominal interest rates and FT capability. However, this relationship varies among sectors depending on, e.g., the level of competition, corporate concentration, degree of liberalization, and labor productivity.
Conclusions
This paper focuses on the US stock market at the sector level. More concretely, it studies not only companies' capability to transfer inflation shocks to products or services prices but also their sensitivity to changes in nominal interest rates between 2000 and 2009. Finally, this research analyzes the connection between these measures.
Thus, the main purpose of this study is four-fold: First, this paper starts from the flow-through capability (FTC) estimates using quarterly data. Second, this research compares two alternative estimates of the FTC. Third, we obtain the interest rate sensitivity (IRS) using two different terms for the nominal interest rate: 1-and 10-year maturities. Finally, this study analyzes the relationship between the FTC and IRS for the US sectors using two different methodologies for each estimate.
As previously noted, the FTC of US companies listed in the S&P 500 index is analyzed using two alternative estimates. Specifically, the turnover of these companies is regressed against the US inflation rate and a proxy variable for the production level of the sector, which, for robustness, includes the average number of employees and operating costs. Regarding the FTC estimates, the sectors with a statistically significant capability to transfer inflation shocks to prices of their products or services are S7 (Financial and Real Estate), S9 (Manufacturing), S11 (Transportation and Warehousing) and S12 (Utilities). These sectors show a positive relationship between inflation rate and turnover (more able to pass the inflation rate on the products' or services' prices). In contrast, S4 (Retail Trade) shows a negative and statistically significant FTC (less FTC), in line with previous literature.
Specifically, to estimate IRS, sector stock returns are regressed against the market stock return (S&P 500) and the nominal interest rate in the US by observing two terms: 10-and 1-year. Hence, this research obtains two different and alternative IRS estimates. In general, the sectors with negative and statistically significant IRS are S4 (Retail Trade), S8 (Information) and S10 (Professional and Administrative Services). This result is in line with previous studies. Moreover, the impact of the longterm (10-year) interest rate on sectoral stock returns is higher than that derived using the short-term interest rate, as expected.
Finally, the relationship between the FTC and IRS is analyzed through a cross-sectional regression. For robustness, this research runs four different proofs to consider the two alternatives obtained for each estimate: the FTC and IRS. Thus, a negative relationship between the IRS and FTC emerges from the four proofs, which is in accordance with the results obtained by previous studies. Thus, those sectors with a greater ability to transfer any inflationary shock to their products' prices exhibit a lower sensitivity to changes in the inflation rate, and this higher FTC will maintain a negative relationship with IRS. Therefore, these results may have relevant implications for portfolio managers and investors, who should contemplate the FTC of each sector before an investment decision.
Declarations
Author contribution statement
Francisco Jareño: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.
Marta Tolentino: Performed the experiments; Analyzed and interpreted the data; Wrote the paper.
Carlos Cano: Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.
Funding statement
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
